SUMMARY The phase image generated by radionuclide angiocardiography illustrates the regional tming of ventricular wall motion. In this study the phase image was used to investigate the patterns of ventricular contraction in 103 subjects with either normal hearts or a conduction abnormality. In 38 normal subjects the right ventricle contracted on average 7 ms after the left, and the last region to contract was the right ventricular outflow tract. In 15 subjects with left bundle branch block the left ventricle contracted 69 ms after the right, contraction spreading from the septum to the lateral wall. In 12 subjects with right bundle branch block right ventricular contraction occurred 54 ms after the left. In 11 subjects with right bundle branch block and left anterior fascicular block both right and left ventricular contraction were delayed, the right more so than the left. In three of five subjects with the Wolff-Parkinson-White syndrome and four with frequent ventricular extrasystoles areas of early contraction corresponded to areas of early depolarisation.
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It is concluded that ventricular contraction can be studied non-invasively and follows a pattern to be expected from the pattern of electrical depolarisation.
Radionuclide angiocardiography is now firmly established in the non-invasive assessment of ventricular function. Traditionally, measurement of wall motion has been used as an index of regional contraction, but the recently introduced Fourier phase and amplitude images'-4 circumvent the problem of edge detection and provide a more complete description of wall motion. Fourier analysis quantifies the timing and magnitude of the cyclical changes in radioactive counts for each display element of the ventriculogram, and the phase and amplitude images so generated indicate the timing and magnitude of regional ventricular wall motion.
The purpose of this study was to use the phase image to investigate the timing and synchronisation of left and right ventricular contraction in a variety of conduction disorders including left and right bundle branch blocks, left anterior fascicular block, the Wolff-Parkinson-White syndrome, endocardial pacing, and ventricular extrasystoles.
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Accepted for publication 13 December 1983 Patients and methods One hundred and three subjects were studied at rest by electrocardiogram gated equilibrium radionuclide angiocardiography. Sixty-five had electrocardiographic evidence of a conduction abnormality (Table) , and the phase image was used to compare the tiining of contraction in these subjects with that in the 38 whom electrical conduction was normal. All subjects had a normal ejection fraction and amplitude image for the ventricle with abnormal conduction, and the extent of ventricular contraction was therefore normal. in the normal subjects (p<0001). The right ventricular phase was not significantly different from normal. Within the left ventricle the highest phase values were seen in segment 4 (the posterolateral wall), and, although the differences were, not statistically significant, in some individual patients the trend was pronounced, with lower phase values at the septum and progressively higher values spreading from this point (Fig. 3b) .
Right bundle branch block In right bundle branch block (Fig. 2b ) the right ventricular phase was 350 higher than in the normal subjects (p<0.00l) and 250 higher than the mean left ventricular phase (p<O-00l). Within the right ventricle, the phase of the outflow tract and body were highest, but the differences were not statistically significant. Fig. 3c shows a typical phase image. (Fig. 3d) . Pacemaker In the patients with right ventricular endocardial pacemakers (Fig. 2d) Wolff-Parkinson-White Five subjects with pre-excitation due to the WolffParkinson-White syndrome were studied, and in three of them areas of low phase were seen in the pre-excited area of the ventricle. In a fourth a small area of low phase was seen, but its significance was uncertain. One subject had alternating pre-excited and normally conducted beats, and it was possible to record these beats separately (Fig. 4a) 
Ventricular extrasystoles
Four subjects had frequent ventricular extrasystoles, and it was possible to produce a phase image from the extrasystoles alone. In all four, areas of low phase were seen corresponding to the electrocardiogram localisation of the site of the ectopic focus. One of these subjects was paced from the right ventricle but had frequent left ventricular extrasystoles. The difference in the phase images ( Fig. 4c and d) is clear.
Discussion
Previous studies of the sequence of electrical activation9-11 and mechanical contraction'2 13 of the heart have shown that the two follow the same pattern, and it is a reasonable assumption that the delays in contraction shown in this study are a direct consequence of the delays in activation. Durrer et al showed that in the normal isolated human heart right ventricular endocardial activation begins 5-10 ms after left.I0 The 30 phase delay of the normal right ventricle shown in this study corresponds to a 7 ms delay at a rate of 70 beats/minute and so is compatible with the delay in activation. In left bundle branch block Wyndham et al showed a 54 ms delay in left ventricular activation,14 and our 290 phase delay suggests a 69 ms delay in contraction. In right bundle branch block Kastoret al showed that right ventricular outflow tract activation was delayed by 38 ms,15 and our phase delay of 23°c orresponds to 54 ms. The increased delay of contraction after activation in bundle branch block may be caused by the delayed spread of activation through the ventricle.
Other studies have used the phase image to measure the timing of contraction,8 [16] [17] [18] [19] [20] [21] [22] [23] block,'9 whereas we found a notable variation in indi-573 vidual patients, which was also reflected in the pooled data. Swiryn et al also found an increased variation, '7 and, even when re-engagement of the Purkinje system distal to the site of block is allowed for, this is to be expected with a widened QRS complex.
PROBLEMS
Absolute values of phase are determined in part by the time at which the QRS complex is sensed, and changes in the shape of the complex may change this time. In paced patients for instance, sensing of the pacemaker artefact before the true QRS complex may introduce an apparent delay in contraction. The observed phase delays in paced patients are, however, too great to be explained entirely by this effect, and it cannot explain the variation within the ventricles. This problem can be avoided by choosing an electrocardiogram lead perpendicular to the vector of the pacing spike. Conversely, late sensing of the broadened QRS complex in left bundle branch block may suggest early contraction and a reduction in phase values. This effect is clearly small since high values are still observed.
Another problem is that the temporal resolution of the phase image is unknown, and since phase is determined by the shape of the whole activity-time curve rather than by any single parameter of its shape, the concept of temporal resolution does not have precise scientific meaning. The frame rate has less influence than might be expected since Fourier analysis is a curve fitting procedure, which allows extrapolation of curve values with a greater resolution than the sampling time. Sixteen frames per cycle is adequate to provide accurate activity-time curves,24 and increasing to 64 frames per cycle makes no apparent difference to phase values. ' 
CONCLUSION
Phase reflects the timing of ventricular contraction, and in normal ventricles the left ventricle contracts marginally before the right, with the right ventricular outflow tract being the last region to contract. In ventricles with delayed conduction the phase image indicates delayed contraction in a pattern that might be expected from a knowledge of the conducting system anatomy. In ventricles with areas of early depolarisation the phase image shows areas of early contraction.
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